[Purpose] The purpose of this study was to compare the effects of shoulder stabilization exercise and shoulder isometric resistance exercise on maximum voluntary isometric contraction (MVIC) rate of change of shoulder stabilization muscles and hand function.
INTRODUCTION
The hand functions are the most complicatedly constructed among human body functions and require sufficient strength and range of motion of not only the fingers and elbow joints but also the upper extremities and shoulder 1) . In addition, for functional movements of the hands, appropriate muscle activation and coordination are required so that tasks can be performed accurately and quickly 2) . For coordination, it is necessary to control strength accurately in terms of sequencing, timing and scaling and deficits in one or more of these item can cause coordination disorder. A disorder in the control of sequence makes it impossible to activate the appropriate muscles in the correct sequence, resulting in unnecessary and nonfunctional movements in joints and muscles. Accordingly, abnormal synergy, co-activation and inter-joint coordination will appear 3) .
Shoulder stabilization exercises are focused on the recovery of a balanced ability to control between shoulder stabilizers. Recently, closed kinematic chain exercises have frequently been used in therapeutic exercises of the upper extremities 4) . Closed kinematic chain exercises not only improve muscle strength and endurance but also trigger co-contractions of many muscles through mechanical compression of the plane of the joint and stimulate the mechanoreceptors around joints to provide more proprioception; thus, they are frequently used in therapy for dynamic stability and postural stability of the joints. Also, during voluntary movements of the upper extremities, scapular rotator cuff muscles control scapular positions; thus, when the upper extremities are moving, the rotator cuff muscles serve to stabilize the humerus and this enables good maintenance of length-tension curves. Therefore, if shoulder joints are stabilized, the performance ability of the upper extremities would increase and this would also greatly affect hand functions.
Muscle fatigue appears in diverse forms in environments of work, sports and daily living environments and it is an abstract wide-ranging concept. Generally, muscle fatigue is understood as a condition in which a subject is unable to give intensities of exercise or power required and is defined as a state in which the ability to generate muscle power has been reduced 5, 6) . The causes of muscle fatigue are the exhaustion of chemical fuel for the activity of muscles coupled with a lack of the ability of the circulatory system to quickly remove the by-products of muscle metabolism, and insufficient oxygen supply and inadequate removal of metabolic products can occur when appropriate amounts of blood are not supplied to muscles. Thus, muscle fatigue will decrease the motor control capacity which will decrease the muscle maintenance capacity 7) .
This study examined post-intervention changes in shoulder joint electromyography and the influence on hand functions in a healthy adult shoulder joint stabilization exercise group and a shoulder joint isometric resistance exercise group.
SUBJECTS AND METHODS
The subjects of this study were 19 healthy adults who had no problems with their musculoskeletal system. They were randomly divided into two groups as follows: a shoulder stabilization exercise group (n=11) and an isometric resistance exercise group (n=8) ( Table 1) .
A surface electromyography MP150 WSW (BIOPAC System Inc. CA, USA) was used to measure the activations of the upper trapezius, lower trapezius, serratus anterior muscles which were elected in order to measure changes in shoulder joint strength. The analog signals of surface electromyograms were sent to the MP150 WSW to be converted into digital signals which were filtered and processed using a personal computer and Acknowledge 3. while each muscle was contracted, the root-mean square (RMS) of the signal was calculated. Power grips were measured using a Jamar hydraulic hand dynamometer (PC 5030JI, Preston Inc, America) and Pinches & Lateral pinches were measured using a Jamar hydraulic pinch gauge (PC 5030, Preston Inc, America).
The manual dexterity of the hand was measured using Purdue pegboards and grooved pegboards. The test-retest reliabilities of these tools developed by Jeseph Tiffin in 1948 are 0.60-0.76. In this study, the Tiffin method was performed for 30 seconds and the number of times performed were used to measure scores.
Exercises were performed for 30 minutes by each group. The shoulder stabilization exercise group conducted stabilization exercises divided into a total of four stages using Thera-Bands and balls and each exercise method was performed 5 times for 30 seconds each time for 30 minutes. The shoulder isometric resistance exercise group performed 5 times for 30 seconds each time for 30 minutes using chairs or tables. The subjects were allowed to take a rest when they felt pain during the exercises.
All the statistics were processed using the SPSS/ PC 12.0 for Windows program and the significance level α for all the statistics was determined as 0.05. To examine the general characteristics of the subjects, mea ns, stan dard de viatio ns and frequencies were calculated, the results of the preand post-intervention tests were tested by the paired t-test and variations in the pre-and postintervention tests of the stabilization exercise group and the isometric resistance exercise group were calculated using the independent t-test. Finally, the correlations between the electromyography results of the shoulder muscles and the hand function in the shoulder stabilization exercise group were analyzed.
RESULTS
Variations between Pre-and post intervention test values of the shoulder muscle electromyography at the times of maximum voluntary isometric c o n t r a c t i o n s w e r e c o m p a r e d . I n t h e electromyography of the upper trapezius at the maximum voluntary isometric contraction, the mean value increased by 12.26 mV postintervention compared to pre-intervention in the stabilization exercise group, but decreased by an average -6.91 mV in the isometric resistance exercise groups and the difference between the two group was significant. In the electromyography of the lower trapezius at the maximum isometric contraction, the mean value decreased by -2.08 mV on average post-intervention compared to preintervention in the stabilization exercise group and decreased by an average -8.63 mV in the isometric resistance exercise group, but the difference between the two groups was not significant. In the electromyography of the serratus anterior at maximum isometric contraction, the mean value increased by 12.72 mV post-intervention compared to pre-intervention in the stabilization exercise group, but decreased by an average -4.06 mV in the isometric resistance exercise group, and the difference between the two group was significant (Table 2 ).
In power grip tests, the average power grip increased from 32.34 kg pre-intervention to 34.75 kg post-intervention in the stabilization exercise group and the difference was significant, while in the isometric resistance exercise group, the power decreased from 38.04 kg to 35.91 kg on average but the difference was not significant. In pinch tests, the average pinch power increased from 4.41 kg pre-intervention to 4.97 kg post-intervention in the stabilization exercise group and the difference was significant, while in the isometric resistance exercise group, the power decreased from 5.28 kg to 4.49 kg on average and the difference was significant. In lateral pinch tests, lateral pinch power increased from 6.95 kg pre-intervention to 7.17 kg on average post-intervention in the stabilization exercise group but the difference was not significant, while in the isometric resistance exercise group, lateral pinch power decreased from 7.5 kg to 6.93 kg on average, but the difference was not significant (Table 3) . In the grooved pegboard, the number of times increased from 11.18 pre-intervention to 13.27 postintervention in the stabilization exercise group and the difference was significant, while in the isometric resistance exercise group, the number of times decreased from 12.63 to 12.00 on average, but the difference was not significant. In the Purdue pegboard test, the number of times increased from 11.18 pre-intervention to 13.27 post-intervention in the stabilization exercise group and the difference was significant, while in the isometric resistance exercise group, the number of times increased from average 15.27 to 17.00 on average and the difference was significant, while in the isometric resistance exercise group, the number of times decreased from average 14.75 to 14.00 on average, but the difference was not significant (Table 4) .
In the shoulder stabilization exercise group, c o r r e l a t i o n s b e t w e e n t h e r e s u l t s o f electromyography of shoulder maximum voluntary isometric contractions and hand power and function were analyzed. The results of electromyography of shoulder maximum voluntary isometric contraction and hand power, and hand power and hand function showed significant correlations at the upper trapezius. No particular correlation was shown in other areas (Table 5) .
DISCUSSION

I n t h i s s t u d y , t h e a c t i v i t y o f s h o u l d e r
electromyography and hand power and hand function were examined, and correlations between the upper extremities and the hand were identified in a group that performed shoulder stabilization exercises and another group that performed isometric resistance exercises.
Relationships between the serratus anterior, the upper trapezius and the lower trapezius work to stabilize the scapula and as a primary movers in upward rotation of the scapular 8, 9) . Therefore, neck or shoulder disorders appear due to lack of coordination among these muscles which also result in scapular muscle instability 10, 11) . It is considered that certain stabilization exercises can reduce pain and change muscle mobilization patterns. In addition, it has been reported that muscle strength improvement exercises also improve the stability of the vertebrae and the scapula and scapulohumeral rhythm 12) . In particular, although it is known that stabilization exercises using balls are more effective tools, the scientific evidence base is insufficient 13) . Electromyogram analyses are generally conducted on muscles in isometric resistance exercises 14) , but surface electromyography has limitations depending on the areas where the electrodes are attached. In this study, in the case of the upper trapezius, two electrodes were attached to the upper crests of the shoulder between the 7th cervical spine and the acromion. In the case of the lower trapezius, a electrode was placed horizontally 2 cm laterally from the scapular spine.
The group that performed shoulder stabilization exercises showed a significant increase (p<0.05) of muscle activation increased at post-intervention compared to pre-intervention in the upper trapezius, lower trapezius, and serratus anterior, all of which are important stabilizers of the shoulder. In addition, hand power and hand function also increased. However, in the case of the isometric resistance exercise group, muscle activation decreased in all the three muscles and so did hand power and hand function. We consider that as shoulder stabilization muscles' activation increased, contractions and relaxations occurred appropriately and the stabilization exercises facilitated appropriate contractions while the functions were being performed. It was reported that while performing bench presses, most shoulder muscles showed activities and among them, the serratus anterior was especially activated 15) , and the serratus anterior serves the role of properly p o s i t i o n i n g h e a d o f t h e h u m e r u s i n t h e glenohumeral joint 16) . In addition, it was reported that when shoulder muscle activation was measured using therapeutic balls, the trapezius showed greater activation than the pectoralis major 17) . These results indicate that the trapezius and the serratus anterior are important for shoulder rehabilitation, and the ball exercise used as the method in this study is more effective than simple resistance exercises.
In the case of shoulder protraction, the serratus anterior primarily functions and in the case of retraction, the upper trapezius and the lower trapezius functions primarily function 18) . When isometric resistance exercises were performed on the shoulder flexor, shoulder protraction and retraction decreased significantly 19) , because in such motions, the length and tension of the shoulder flexor change, and thus, the shoulder flexor is not properly positioned.
Based on the above mentioned results, we attempted to find correlations between the shoulder and the hand. Previously reported results suggest that there may be significant differences between the electromyograph activity of the shoulder and hand power and hand functions, but, in the present study, no particular correlations was shown because the number of subjects who participated in the study was small.
In conclusion, the shoulder stabilization exercises were more effective for increasing shoulder muscle activity than isometric resistance exercise. In addition, the stabilization exercises were more effective at increasing hand function and hand power; and although shoulder muscle activation and hand function were not significantly correlated, the stabilization exercises appeared to be more effective rehabilitation exercises than the isometric resistance exercises.
